Introduction
Neutrophils are professional phagocytes that serve as the first line of defense against invading microorganisms [1] . During maturation in the bone marrow, neutrophils synthesize enzymes and antimicrobial proteins, which are stored in different granules [2] . These are, together with their lobulated nuclei, morphological hallmarks of neutrophils. Mature neutrophils leave the bone marrow and enter the circulation, where they have a short halflife. If recruited to the site of infection, neutrophils kill microorganisms intracellularly by phagocytosis or extracellularly by the release of neutrophil extracellular traps (NETs) [3] . NETs are structures made of chromatin decorated with antimicrobial proteins and have been described in humans, rabbits [3] , horses [4] , cows [5] , fish [6] and mice [7, 8] . NETs are involved in trapping pathogens [3, 9, 10] , severe sepsis [11] , preeclampsia [12] as well as autoimmune diseases [13] and could potentially serve as a prognostic marker for multitrauma [14] . Recently, other immune cells, such as mast cells [15] and eosinophils [16] , were found to release NET-like structures that were collectively termed extracellular traps (ETs ) [17] .
NETs are released through a novel cell death pathway that depends on the generation of reactive oxygen species (ROS). Upon stimulation, neutrophils produce ROS, such as O 2 -, H 2 O 2 and HOCl [18] , which are antimicrobial [19] and important for NET formation [20] . Indeed, neutrophils from patients with chronic granulomatous disease (CGD) lack a functional NADPH oxidase [18] and cannot form NETs [20] . The lack of ROS affects both intracellular and extracellular killing mechanisms of neutrophils [20] . Therefore, these patients suffer from life-threatening microbial infections [21] . During the process of NET formation, ROS production leads to morphological changes like delobulation of the nucleus and disassembly of the nuclear envelope. After the breakdown of the nuclear envelope, the chromatin mixes intracellularly with granular proteins. Finally, the plasma membrane ruptures and NETs are released [20] , a process which is now referred to as NETosis [22, 23] .
An appropriate animal model would be invaluable for the analysis of NET formation and function. Here we analyze NET formation in neutrophils isolated from mice. In this study, we establish tools to quantify NET release upon stimulation with phorbol ester and Candida albicans . Confirming data in human neutrophils, we show that neutrophils from mice lacking a functional NADPH oxidase (gp91-/-) [24] are unable to make NETs. Using these tools, we compared NET formation in neutrophils from 7 different inbred mouse strains [25] and show that they all release NETs, albeit with different efficiency. NET release in the different mouse strains correlates with ROS production.
Materials and Methods
Materials RPMI 1640, HEPES solution, phosphate-buffered saline (PBS) as well as Hanks balanced saline solution (HBSS) with and without CaCl 2 /MgCl 2 were obtained from Gibco. Mouse serum was obtained from the animal facility of the Max Planck Institute for Infection Biology. All other chemicals were purchased in analytical grade from Sigma.
Antibodies
Antibodies used were a mouse monoclonal against the H2A/ H2B-DNA complex [26] , a rabbit polyclonal against MPO (DAKO A0398) and a rat monoclonal against a murine neutrophil surface antigen (Serotec). For FACS analysis, the monoclonal antibody against GR-1, the granulocyte receptor 1 was raised from the hybridoma RB6-8C5 [27] .
Mice SJL/J (SJL), PL/J (PLJ), CZECHII/EiJ (CzechII), C57Bl/6, 129S2, CD1, BALB/c and gp91 phox (CYBB)-deficient (B6.129S6-Cybbtm1Din/J) mice were obtained from Charles River Laboratories. All mice were bred under specific pathogen-free conditions in the mouse facility of the Max Planck Institute for Infection Biology. For the isolation of neutrophils, 6-to 10-week-old mice were used. All animal experiments were done according to the German animal protection law.
Isolation of Neutrophils
Bone marrow-derived neutrophils were isolated using modifications of published methods [28] . Briefly, the bone marrow was flushed out of the tibia and the femur using RPMI supplemented with 5% FCS, glutamine and penicillin/streptomycin and passed through a 70-m cell strainer to obtain a single cell solution. Cells were pelleted and remaining erythrocytes were lysed using red blood cell lysis buffer (Sigma). The entire bone marrow was resuspended in HBSS without CaCl 2 /MgCl 2 (HBSS-). Mature neutrophils were purified by centrifugation for 30 min at 1,500 g on a discontinuous Percoll gradient consisting of 52% (v/v), 69% (v/v) and 78% (v/v) Percoll in PBS. Mature neutrophils were recovered from the interphase between 69% and 78% Percoll. The purity of isolated neutrophils was assessed by measuring the cell size in a Casy TM Counter (Schärfe System). The cell fraction from 6.5 to 8.5 m was taken as neutrophils and confirmed by analyzing hematoxylin and eosin-stained cytospin preparations. The expression of the granulocyte receptor 1 (GR-1), a surface marker for neutrophils, was measured by FACS analysis in a LSRII (Becton Dickinson).
ROS Measurement
ROS production was measured in a luminol-based chemiluminescence assay [29] . Neutrophils were seeded in a white 96-well plate with HBSS medium containing MgCl 2 /CaCl 2 , 50 M luminol and 1.2 U/ml horseradish peroxidase (Calbiochem). Neutrophils were stimulated either with 100 n M PMA, C. albicans or left untreated. The chemiluminescence resulting from ROS production was measured in a Victor light luminometer (Perkin Elmer).
Cell Death Assay
Neutrophils were seeded in a black 96-well plate with 1 ! HBSS medium containing MgCl 2 /CaCl 2 , 2% DNase-free mouse serum and 1 m M Sytox green (Invitrogen). Cells were stimulated either with 100 n M PMA or C. albicans , left untreated or lysed with 0.2% Triton X-100 as a 100% lysis control. The fluorescence was measured every 10 min in an Askent Fluoroskan (Thermo Scientific) for a period of 16 h. The cells were kept at 37 ° C and 5% CO 2 . Every 30 min, 3 l double-distilled H 2 O was added to all wells to compensate for evaporation.
Microscopy
For immunofluorescence and scanning electron microscopy (SEM), 5 ! 10 5 neutrophils were seeded on 13-mm glass cover slips treated with 0.001% poly-lysine in HBSS containing MgCl 2 / CaCl 2 and 2% DNase-free mouse serum. Cells were stimulated either with 100 n M PMA, C. albicans or Listeria monocytogenes and subsequently fixed with 1% PFA at the indicated time points.
For immunofluorescence, specimens were blocked with 3% cold water fish gelatin, 5% donkey serum, 1% BSA and 0.25% Tween 20 in PBS, incubated with primary antibodies, and washed.
Primary antibodies were detected with species-specific secondary antibodies. Specimens were analyzed using a DMRB microscope (Leica) equipped with a digital camera (DXM 1200; Nikon) or an SP5 confocal microscope (Leica).
For SEM, samples were postfixed with glutardialdehyde and contrasted using repeated incubations with osmium tetroxide and tannic acid. After dehydration in an ethanol series, samples were critical-point dried and coated with a layer of carbon/platinum [30] . Samples were analyzed at 10 kV in a LEO 1550 field emission SEM (Zeiss SMT).
For transmission electron microscopy (TEM), 2 ! 10 6 neutrophils were seeded into 6-well plates with 1 ! HBSS containing MgCl 2 /CaCl 2 and 2% DNAse-free mouse serum. After stimulation with 100 n M PMA, cells were fixed with 2.5% glutaraldehyde, contrasted using osmium tetroxide, tannic acid and uranyl acetate, and dehydrated in a graded ethanol series. Cells were detached from the bottom of the culture vessels with styrol and embedded in Polybed (Fluka). Ultrathin sections were cut on an ultramicrotome (Leica), lead citrate contrasted in a TEM stainer (Nanofilm) and analyzed in a LEO 906E transmission EM (Zeiss SMT), equipped with a side-mounted digital camera (Morada; Olympus SIS).
Statistical Analysis
Data of the cell death assay were analyzed with the unpaired Student t test ( fig. 5 c) . To test for monotonous relationship, Spearman's rank correlation test was used ( fig. 4 c) . p ! 0.05 was considered statistically significant.
Results

Mouse Neutrophils Form NETs in vitro
We isolated mature neutrophils from mouse bone marrow by density centrifugation as described in Materials and Methods. The obtained population contained 85.8 8 4.2% neutrophils, as measured by cell size analysis in a Casy TM counter and confirmed with FACS analysis using antibodies against GR-1 (online suppl. fig. 1a , b, see www.karger.com/doi/10.1159/000205281). These neutrophils phagocytosed particles (data not shown) and showed the characteristic lobulated nuclei morphology in hematoxylin and eosin stains (online suppl. fig. 1c ).
gp91 is a subunit of the NADPH oxidase. In its absence, the enzyme complex is not functional, and mice deficient in gp91 (gp91-/-) are unable to produce ROS. Thus, these neutrophils are used as a model of CGD and, in these experiments, as a negative control. Neutrophils isolated from wild-type, but not from gp91 -/-mice, produced ROS upon stimulation with PMA ( fig. 1 a) .
We established an assay to detect neutrophil cell death (NET cell death). We incubated the cells with Sytox green, a non-cell membrane permeable fluorescent DNA dye. We then monitored fluorescence emission every 10 min for a period of 16 h as a reporter of cell death. Unstimulated neutrophils served as a negative control. Lysis of the culture with the nonionic detergent Triton X-100 allowed us to measure the maximal possible signal. Upon PMA stimulation, wildtype neutrophils underwent cell death ( fig. 1 b) , whereas gp91 -/-neutrophils did not ( fig. 1 c) , but rather survived longer than the unstimulated control. To calculate the percentage of cell death, we subtracted the background fluorescence from the sample values at each time point and divided it by the lysis control. We found that 40% of all wild-type neutrophils died upon activation with PMA ( fig. 1 d) . In contrast, neutrophils isolated from gp91-/-mice survived longer than 16 h and activation with PMA increased their survival.
To visualize NET formation in vitro we seeded neutrophils onto cover slips and fixed them 16 h after stimulation. We stained the neutrophils using a DNA dye and antibodies against MPO and the histone/DNA complex. By indirect immunofluorescence microscopy we found that the nuclei of most wild-type neutrophils were delobulated and the DNA as well as MPO signals were colocalized. Additionally, we found MPO colocalizing with extracellular DNA, demonstrating that neutrophils released NETs ( fig. 1 e, arrows) . Under the same conditions we observed some neutrophils with lobulated nuclei, indicating that they were not fully activated. This is consistent with our cell death assay ( fig. 1 d) , since not all neutrophils respond to PMA by making NETs. Stimulated gp91 -/-neutrophils flattened, indicating activation, but in contrast to wild-type cells, the nuclei remained lobulated. MPO remained localized to the granules and this distribution was similar to that observed in unactivated wild-type neutrophils ( fig. 1 f) . Using SEM, we confirmed that wild-type neutrophils released NETs ( fig. 1 g) , whereas gp91 -/-neutrophils did not ( fig. 1 h) . SEM analysis revealed that stimulated gp91-/-neutrophils had lost their globular shape and firmly attached to the bottom of the culture dish. High-resolution SEM ( fig. 1 g, g؆) of wildtype neutrophils showed that murine NETs consisted of smooth fibers (diameter of about 15 nm) and globular domains ( 1 30 nm) similar to human NETs [3] . However, in contrast to human NETs, the globular domains attached to the fibers are tightly packed and cover nearly the entire fiber surface ( fig. 1 g) .
Kinetics of Murine NET Formation
To follow the different stages of NET formation, we stimulated neutrophils with PMA and fixed them after the indicated time points. We analyzed the samples for NET release by staining with the DNA stain Draq5 and antibodies against histone/DNA complexes and MPO ( fig. 2 a-h ). Thirty minutes after stimulation, wild-type and gp91 -/-neutrophils attached to the bottom of the culture vessel and flattened ( fig. 2 a, e) . The nuclei were still lobulated and the MPO signal clearly depicts granules. At this time point, the periphery of some nuclei was stained by the antibody against histone/DNA complexes (red). After 4 h of stimulation, granular and nuclear patterns were still unchanged in gp91 -/-cells ( fig. 2 f) , and remained in this state during the entire course of the experiment ( fig. 2 g, h) . In contrast, in wild-type neutrophils, we detected overlapping of the granular and the nuclear signal ( fig. 2 b, white areas) , indicating morphological changes. Most nuclei lost their lobules, and many of them showed a homogeneous staining with the antibody against histone/DNA complexes ( fig. 2 b) . After 8 h of stimulation, nearly all wild-type nuclei were round, delobulated and stained by the antibody against histone/ DNA complexes. The area of nuclear and granular overlap increased ( fig. 2 c, white) . At 12 h after stimulation, many wild-type neutrophils released NETs ( fig. 2 d, arrows), while in gp91 -/-neutrophils the nuclear and granular morphology remained unchanged ( fig. 2 h) .
We analyzed fine structural modifications during NET formation by TEM. Shortly after stimulation, both wild-type and gp91 -/-neutrophils settled down and flattened along the culture vessel bottom ( fig. 2 i, m) . Vacuolization in wild-type neutrophils was as prominent as in gp91 -/-neutrophils. Wild-type cells stimulated for 4 h showed delobulated nuclei and more electron-translucent cytoplasm ( fig. 2 j) . Increased vacuolization was the only morphological change in stimulated NADPH oxidase-deficient neutrophils. Moreover , gp91 -/-neutrophils kept the lobulated nuclei even after 12 h of stimulation, although some cells underwent apoptosis ( fig. 2 o,  arrowhead) . In contrast, 8 h after stimulation, wild-type neutrophils showed a complete loss of cytoplasmic and nuclear organization, evidenced by the disintegration of the nuclear envelope ( fig. 2 k) . After 12 h, many stimulated wild-type neutrophils released NETs ( fig. 2 l, arrows).
At each time point, we quantified the number of neutrophils that remained unchanged or showed different stages of NET formation, which we defined as (1) delobulated nuclei, (2) released NETs and (3) condensed chromatin which exclusively appeared in gp91 -/-neutrophils ( fig. 3 a, b) . After 4 h, we observed that the nuclei of more than 75% of the wild-type neutrophils were delobulated. In this intermediate stage, the nuclei stained homogeneously for histone/DNA complexes. After 16 h of stimulation, 59.8% of the cells remained in this state without releasing NETs. However, the amount of NETs increased continuously to a maximum of 30% after 16 h ( fig. 3 a; online suppl. fig. 2a ). In contrast, the gp91 -/-neutrophils neither developed delobulated nuclei nor released NETs. fig. 2a ). This confirmed our findings that neutrophils from gp91 -/-mice, which fail to produce ROS upon stimulation, cannot make NETs.
Comparison of Different Mouse Strains
We tested the efficiency of NET release with respect to the number of responding cells, the amount of ROS and the kinetics leading to cell death in 7 different inbred mouse strains. The strains were: C57Bl/6, 129S2, BALB/c, PLJ, SJL, CD1 and CzechII. These mouse strains were selected because they are genetically unrelated and commercially available.
We measured ROS levels for 3.5 h and determined the area under the curve. For each experiment, area under the curve values were normalized to C57Bl/6, an inbred strain often used for immunological research ( fig. 4 a) . SJL and CD1 mice produced more ROS (between 130 and 150%) compared to neutrophils from C57Bl/6. ROS production in neutrophils from BALB/c, 129 and PLJ was similar to the standard. Notably, neutrophils from CzechII mice produced only 25% of the amount of ROS produced by C57Bl/6.
NET cell death correlated to the amount of ROS production. We analyzed NET cell death and normalized it to the cell death induced in neutrophils from C57Bl/6 mice. We measured cell death 10 h after stimulation, since NET cell death does not increase significantly after this time point ( fig. 1 b) . On average, 20% more neutrophils from SJL mice and 30% fewer neutrophils from Czech mice died compared to C57Bl/6 ( fig. 4 b) . Neutrophils from CD1, BALB/c, PLJ and 129 mice differed by only 12% compared to our standard. We could not detect any differences in the kinetics of NET formation in the tested strains (data not shown). We analyzed the correlation of ROS production and NET cell death using Spearman's test for monotonous relationships ( fig. 4 c) . The rank correlation coefficient is significant (0.9429; p = 0.0167). In conclusion, all tested strains produce ROS and undergo NET cell death to different extents, and the efficiency of ROS production significantly correlates to NET cell death. 
C. albicans Hyphae Induce NETs in vitro
Fungal hyphae cannot be phagocytosed by neutrophils, but they are susceptible to human NETs [10] . We tested whether C. albicans activates neutrophils to form NETs. We coincubated neutrophils with C. albicans yeast or hyphae at a ratio of 1: 2. To discriminate between the stimulatory activity of yeast and hyphal forms we used dead C. albicans, since under neutrophil culture conditions C. albicans forms hyphae and overgrows the culture. We found that upon contact with both hyphal and yeast forms, neutrophils produced ROS. Interestingly, the response to hyphae was nearly 20 times stronger ( fig. 5 a, red) than that to yeast ( fig. 5 b, red) . Under both conditions, ROS production reached a maximum at around 90 min after infection. As expected, neutrophils from gp91 -/-mice did not produce ROS under these conditions ( fig. 5 a, b, blue) . Total amounts of produced ROS were obtained by analyzing the area under the curve (AUC) and amounts were normalized to the strain C57Bl/6 ( = 100). b NET cell death was analyzed 10 h after stimulation with the cell death assay described in figure 1. Values were normalized to the C57Bl/6 strain ( = 100; error bars, SEM of at least 3 independent experiments per strain). c Values from the cell death assay and the ROS production were set in relationship and analyzed with a test for monotonous relationships (Spearman). Rank correlation coefficient is 0.9429 with a p value of 0.0167. Neutrophils from all tested strains produce ROS and die. The amount of produced ROS significantly correlates to NET cell death. gp91 -/-mice (KO, blue) were used as negative controls. c Neutrophils purified from wild-type mice (red) underwent NET cell death when stimulated with C.albicans hyphae but not with the yeast form. Neutrophils from KO mice (blue) were used as negative controls and PMA-activated wild-type neutrophils as positive controls. NET cell death was assessed after 10 h (error bars, SEM of at least 4 independent experiments). * * p ! 0.01, * * * p ! 0.001, significantly different from unpaired t test. To analyze NET release, activated wild-type ( d ) and KO ( e ) neutrophils were stained for DNA (blue), hyphae (green) and histone/DNA complexes (red) and analyzed by confocal microscopy. Both wildtype and KO neutrophils entwine the hyphae, but only wild-type neutrophils make NETs (arrowheads in d and f indicate NETs). High-resolution SEM analysis of wild-type ( f ) or KO ( g ) neutrophils stimulated with C. albicans hyphae (arrows in f and g indicate C. albicans hyphae) for 16 h shows that murine neutrophils make NETs. albicans also induced NET cell death. Hyphae induced NET cell death 3 times more efficiently than the yeast form ( fig. 5 c) . Notably, C. albicans hyphae induced cell death to nearly half of the efficiency of PMA, the most potent inducer of NET formation. Microscopic analysis showed that murine neutrophils release NETs upon challenge with C. albicans hyphae ( fig. 5 d) . We stained the samples with the DNA dye Draq5 (blue) as well as antibodies against histone/DNA complexes (red) and C. albicans (green). NETs surrounding hyphae were clearly visible ( fig. 5 d, arrowheads) . As expected, gp91 -/-neutrophils did not form NETs ( fig. 5 e) . Using SEM, we showed that both wild-type and gp91 -/-neutrophils entwined C. albicans hyphae ( fig. 5 f, g , arrows indicate C. albicans ), but only wild-type cells released NETs ( fig. 5 f, insert) . Thus, hyphae-induced ROS production leads to NETosis in murine neutrophils and finally to NET release in vitro.
Murine NETs Trap L. monocytogenes Using human neutrophils, it was shown that NETs not only trap fungi but also bacteria. We coincubated L. monocytogenes at a multiplicity of infection of 1 for 16 h with neutrophils purified from C57Bl/6 mice. SEM analysis revealed that mouse neutrophils released NETs and trapped L. monocytogenes ( fig. 6 a) . High-resolution SEM analysis showed that the structure of the released NETs are similar to NETs induced with PMA or C. albicans ( fig. 6 a, a؆) .
Discussion
Despite all advances in the analysis of NET formation and their function [8, 31, 32] , good tools to study murine NET release in vitro have not been described. Compared to the mouse system, research with human neutrophils is relatively facile because they represent 65-75% of all peripheral blood leukocytes. The murine model, which is more amenable for experimentation, is complicated by the fact that in blood of this animal only 10-25% of leukocytes are neutrophils [33, 34] . Bone marrow contains large quantities of naive and mature neutrophils that can be isolated by a Percoll gradient purification [28, 35] . The transcriptional profiles of blood and bone marrow neutrophils have a Pearson correlation coefficient ( ␥ ) of 0.95, indicating that the developmental distance is very low [36] . Nevertheless, blood neutrophils might be significantly more mature than bone marrow neutrophils. We cannot exclude that these small differences may lead to a faster or more efficient release of NETs in neutrophils isolated from peripheral blood.
The 3 tools described here analyze 3 different steps in NET formation: (1) the quantification of ROS production, a very early event in NET formation, (2) the cell death assay detecting the last step prior to NET formation when the cell membrane ruptures and (3) the visualization of NET release by microscopy. In our studies, ROS production correlates with the cell death assay and NET release as determined by microscopy. Additionally, the specificity of our cell death assay was controlled by test- ing gp91 -/-neutrophils. These results are consistent with data showing that human neutrophils isolated from CGD patients do not die upon PMA stimulation nor show release of NETs. These data indicate that the cell death assay allows the evaluation of NETs independently of microscopy. Thus, the cell death assay provides a screening method for analyzing mouse neutrophil extracellular trap assembly in vitro. Using these assays, we analyzed 7 different mouse strains in their ability to release NETs upon stimulation. We found only minor differences in ROS production, NET cell death and NET formation (data not shown), showing that different inbred mice strains used in immunological research are capable of releasing NETs. Interestingly, we found a good correlation between the amount of ROS produced and NET cell death. In neutrophils, ROS are an essential component for NET formation, although their direct role remains to be determined.
We found that ROS production and NET formation can be triggered by PMA as well as by pathogenic fungi (C. albicans) . Moreover, the amount of ROS production in murine neutrophils correlated with the concentration of PMA and the growth form of the fungi. Furthermore, we demonstrate that murine NETs trap L. monocytogenes . It is known that C. albicans, especially the hyphal form, stimulates a neutrophil respiratory burst [37] . We found that hyphae rather than yeast are a potent activator of neutrophils in terms of ROS production and NET release. Neutrophils recognize yeast forms as well, but the provided stimulus does not result in an oxidative burst and NET release comparable to hyphae. This is consistent with the notion that neutrophils can engulf yeast forms but not hyphae, which are too large. Our data indicate that NETs could therefore serve as extracellular control mechanism specific for hyphae, the growth form essential for invasion and dissemination of C. albicans [38] .
Changes of the nucleus are very prominent during NET formation. The naive nucleus is well organized with clearly defined eu-and heterochromatin structured in several lobules. After initiation of NET formation, the nuclear structure gradually disassembles cumulating in the breakdown of the nuclear envelope. Concurrently, the chromatin decondenses, resulting in a fainter fluorescence signal with DNA dyes and a reduced electron density in TEM micrographs. This process is specific for the cell death program leading to NET formation. In contrast, during apoptosis, the chromatin is highly condensed and packed into membrane-bound apoptotic bodies. In apoptotic cells, the condensed chromatin produces a strong fluorescence signal after binding of DNA dyes and in TEM micrographs, these areas are very electron dense [20] .
The degree of chromatin condensation seems to be reflected by the staining pattern of the murine monoclonal antibody directed against the subnucleosomal complex composed of H2A, H2B and DNA [26] . With this antibody, nuclei from naive murine neutrophils stain only at the periphery. When the nuclei decondensed and delobulated upon initiation of NET formation, the fluorescence pattern changed. We observed a homogenous staining of the entire nucleus. In contrast, delobulated but condensed nuclei from apoptotic neutrophils did not stain with this antibody. This indicates that the epitope recognized by the antibody is only accessible in decondensed chromatin, consistent with a strong homogenous staining of NETs.
Although the overall process is similar, NET formation in human and murine neutrophils differs in several details. In both species, NETs are the result of a series of morphological changes neutrophils undergo after activation and ROS production. The nucleus delobulates, rounds up and decondenses, the nuclear envelope desintegrates, nucleoplasm and cytoplasm mix, and finally the cell membrane ruptures, releasing the mixture of nuclear, granular and cytoplasmic components to form NETs. In human neutrophils, it takes 3-4 h until about 80% of the cells have undergone NETosis [20] . In contrast, murine neutrophils require about 16 h until approximately 30% of the stimulated mouse neutrophils have released NETs. This indicates that NET formation by mouse neutrophils takes longer and is less efficient than by human neutrophils. Unequal requirements of mouse and human neutrophils in ex vivo experiments might cause these differences. However, the role of NETs in bacterial infections of the mouse is clearly established [7, 8] .
In immunofluorescence microscopy, NETs released from human neutrophils appear as outspread and weblike structures often extending over several cell diameters [3, 20] . In contrast, mouse NETs show a more compact structure and the majority are in close contact to the remnants of the neutrophils they originated from. High resolution field emission scanning microscopy revealed that similar to human NETs, murine NETs are composed of smooth stretches of about 15 nm diameter to which globular domains are attached. In contrast to human NETs, though, the packing density of the globular domains is higher, so almost no free stretches can be found. This finding is consistent with a more compact appearance of murine NETs in fluorescence microscopy.
At present, receptors and signaling pathways leading to NET release are still largely unknown. Using the assays described in this work on mouse strains deficient for signaling molecules may allow to unravel the cascade leading to NET formation. The cell death assay in particular provides the capability to perform high-throughput screens of receptors, signaling pathways and microorganisms leading to NET release.
